The cysts of Sarcocystis grueneri were detected and characterized from the cardiac muscles of the Korean water deer (Hydropotes inermis argyropus). Of the 38 heart muscle samples examined by light microscopy, 10 were found infected with the cysts of Sarcocystis sp. The cysts appeared oval to spherical shape and measured 110-380 µm in length and 90-170 µm in width. A phylogenetic tree of the 18S rRNA sequences (1.5 kb) revealed a close relationship of the infected cysts to genus Sarcocystis. The 18S rRNA sequence of the infected cysts showed 100% identity to S. grueneri and 97% to S. capracanis. Here, we first report the S. grueneri infections in the Korean water deer.
INTRODUCTION
The genus Sarcocystis is recognized in the phylum Apicomplexa that can cause mortality of many animals and impact animal community diversity. These parasites typically infect both intermediate and definitive host animals. Intermediate host animals include herbivores and omnivorous animals that can be infected when ingesting oocysts in the feces of the definitive host animals. In turn, carnivorous animals of definitive hosts are infected when they consume the intermediate host prey infected by Sarcocystis [1] [2] [3] .
The cysts of Sarcocystis species were prevalent in the cervid and in the bovid. These mammals play as the intermediate hosts in life cycle of the parasites. Recently, several species of Sarcocystis has been found in diverse cervid species [3] [4] [5] [6] [7] [8] [9] [10] . Thus, it has been suggested that the host rage of Sarcocystis parasites could be broader than the known animal species [11] .
The infection surveys of the Sarcocystis parasites among a domestic cattle population in the Republic of Korea (ROK) reveal the considerably higher infection prevalence of the parasites, especially in the old aged cattle population and also the studies found that dog is the main definitive host animal of the parasite [12] [13] [14] [15] [16] . In addition, Sarcocystis grueneri were found in a red deer and Sarcocystis tenella in Korean native goats [17, 18] . The water deer (Hydropotes inermis) is a small deer seemingly more similar to a musk deer than a true deer and is the only species of genus Hydropotes which belongs to family Cervidae. There are 2 subspecies: The Chinese Water Deer (H. inermis inermis) and the Korean Water Deer (H. inermis argyropus) [19, 20] . In the ROK, the Korean water deer is one of the widely distributed animals and overpopulated in some regions of the ROK [21] . There is no report on Sarcocystis infection in wild Korean water deer in the ROK. Our study first detected and characterized the infection of S. grueneri in wild Korean water deer in the ROK.
MATERIALS AND METHODS

Sample collection and histological study
The cardiac muscle samples were collected from 38 wild Korean water deer (male 23, female 15) at the wild animal rescue centers in Gangwon-do, Gyeonggi-do, Chungcheongbuk-do, and Daejeon city ( were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 4 μm, and stained with hematoxylin and eosin for screening by light microscopy (LM).
DNA extraction and PCR
Fresh positive myocardium tissues were examined in order that genomic DNA was extracted with frozen after collection and stored at -20˚C before examination immediately upon thawing. With tissue cutting of 0.05 g to 0.25 g, both 10 positive samples and 1 negative sample (confirmed by LM) were placed in 1.5 ml microcentrifuge tubes containing with PBS (pH 7.4).
Genomic DNA extraction was carried out using DNeasy Blood neighbor-joining (NJ) (Kimura 2-parameter distance model) methods was based on a guide tree as pairwise and multiple alignment parameters. The final alignment was comprised of a score of sequences with 39 taxa (Table 2) .
RESULTS
Sarcocysts were not found in the liver or lungs (n= 38), but detected from 10 heart muscle samples. All cysts were located in sarcoplasm of myocardium surrounded by thin and smooth cyst wall. All of the sarcocysts were filled with bradyzoites (Fig.  1) . The cysts appeared oval to spherical shape, 110-380 µm long and 90-170 µm wide under LM. The prevalence of Sarco cystis was 26.3% (Table 1) . Although it appears that these parasites were the species of S. grueneri, the further molecular identification of these parasites is required.
The cyst samples were amplified using the primers of 18S rRNA and revealed 1.5 kb fragment (Fig. 2) which was a close analogue of S. grueneri found in reindeer (Rangifer tarandus tar andus) [5] . One sequence as a representative of was deposited in GenBank (accession number KC556825). The sample sequences were compared with complete 18S rRNA sequences from other 39 taxa of genus Sarcocystis ( Table 2 ). The 18S rRNA sequence is proposed as a standard gene for the phylogenetic analysis among the species within the protozoa phyla, which is hence used for species identification in this study [24] . The sequence identified between the cyst samples showed 100% homology with S. grueneri and 97% with S. capracanis. In addition, both 53% AT base construction and low level of sequence variations were consistently shown in the phylogenetic analysis (Fig. 3) .
DISCUSSION
In previous study, the cysts of S. grueneri were found in the heart muscles, which indicate the specific organ tropism of the parasite [10] . Similar to the previous study, a cervid animal may be infected in heart muscle by similar Sarcocystis species. The Korean water deer may serve as an intermediate host with a similar level of high specificity and prevalence as observed in other studies [9] . For instance, 98.0% of the sister species of a cervid animal in Germany were infected with Sarcocystis parasites [25, 26] . Thus, it appears that the infection of Sarcocystis species is quite common to many species of a cervid animal. Although the Korean water deer is widely distributed in ROK, it has not been extensively studies until recent years especially in infection study of the parasite of Sarcocystis species. In this study, we found that the infection rate of the Sarcocystis parasites was 26.3% (10 out of 38 samples of the Korean water deer). Among the 38 collection sites in the ROK, 6 infection muscles (15.8%) were detected in the provinces of Gangwon, Gyeonggi, and Chungcheongbuk-do, and 4 infection samples in Daejeon city (10.5%), respectively. Furthermore, identification of the parasite that is collected from the Korean water deer was examined by molecular method. In previous study, molecular technique could identify a single species of the parasite from the host animal tissues and distinguish individual species from other parasites of Sarcocystis species [5] . For more accurate morphometry for the species identification of the parasites, the electron microscope has been used and successfully reported key morphological features in several parasites. For instance, the cyst of S. grueneri collected from rein deer are morphologically similar to the cysts collected from either the host animal roe deer (Capreolus capreolus) or red deer (Cervus elaphus) in the protrusion of the cyst wall [8, 27] .
The general phylogenetic trend of Sarcocystinae has already explained other former studies [22, 24, 28, 29] . In our study, the fundamental composition did not change by including Sarco cystis species from a similar intermediate host. Phylogenetic topology of bootstraps of 1,000 described the 2 species highly similar and their branch length very close from the sequences of 18S rRNA gene in S. grueneri (Genbank accession number EF056010). Thus, the results of phylogenetic analysis indicate that our sample is in the clade of a sister taxa including S. cap racanis, S. alces, S. rangi, and S. alceslatrans. Furthermore, these species also share the similar intermediate host animal in the family Cervidae except for S. capracanis (Fig. 3) .
In addition, it has been known that the parasites of Sarcocys tis species infect both animal hosts such as intermediate host and definitive host, especially in the stage of sporocyst and oocyst. Interestingly, in previous study, it has been shown that humans are susceptible to the infection of sarcocysts [30] . This infection could be caused by water contaminated with feces from the other animal hosts or food washed with unsanitary water [31] . Other unknown animals including human could be a potential target for the infection of Sarcocystis parasites. In this context, the DNA sequences of 18S rRNA gene related to Sarcocystis parasites presented in this study can promote further development of needed diagnostics to prevent a potential infection of Sarcocystis parasite in wild animals and humans. 
